S1. Method of Bimolecular Classical Trajectory with Action-Angle Variables
The initial conditions for the coordinates Q's and their conjugate momenta P's, for the atom-diatom system in action-angle variables, from the Appendix A from Part I, S1 were either sampled in a canonical or a microcanonical regime, e.g. for rec k and for ). , , ( t J E P The equations of motion were then propagated, in the Jacobi internal coordinates for O + O 2 up until any reactive scattering and until the dissociation event.
A variant of LSODE S2 (Livermore Solver for Ordinary Differential Equations), LSODA S3 approach was used for switching between a non-stiff Adams method S4 and a stiff Gear backward differentiation formula (BDF) method, a corrector-predictor algorithms, S4 for propagating the equations of motion for the trajectories. LSODE and LSODA are library routines in ODEPACK.
S5
In LSODA, the data is dynamically monitored in order to decide which method to use in the next step. The algorithm also adaptively chooses both the order and the step size, where then subsequently a 2000 a.u.
(48.38 fs) time bin size was selected for sampling the lifetime of * 3
 or the vdW complex from each individual trajectory for determining its ). , , ( t J E P As a check on the numerical stability of the algorithms and the proper performance of the simulation, the center-to-center distance R of Table 2 (3 to 5) 3 10  Table 4 (2 to 3) 4 10  for eq 10, various temperatures Table S3 3 10 7  to 4 10 5  for eq 1, various temperatures
S2. The Potential Energy Surface for O 3
The ground state potential energy surface (PES) for O 3 used in the present study is based on that determined from Murrell and Varandas.
S6
In reference S6, an analytical function was constructed by combining spectroscopic data relating to the stable minima on the surface with quantum mechanical and kinetic data relating to other features of the surface. There, the surface was also parameterized to bring it into an approximate agreement with the ab initio results of Lucchese and Schaefer at the D 3h metastable minimum.
A parameter  (not to be confused with the 's in the text) that appears in both the coefficients of the interaction polynomial, eq 8, seen in . The dissociation energy, from the bottom of the potential well to the asymptote, for this PES is 1.13 eV which is smaller than the experimental value by 0.5 %.
S3.
Identification of * 3
 and its Lifetime for the 1-TS and 2-TS Cases from
Bimolecular Classical Trajectory
The lifetime of the ozone complex has been defined for both the 1-TS or the 2-TS  versus time (ps) for the entrance and exchange channels are shown in Figure S1 . As discussed in the text, the offset of the entrance channel is shown to highlight the merge time of the survival probability, typically by 5 ps, as time elapses in the early times.
For the determination of ) , , ( ln t J E P vs time for the 0  J case, Figure 3 in the main text, the initial conditions for the bimolecular trajectory entailed setting Figure S1 .  formed from O + O 2 using classical
, where 1 r is the length of the existing bond, and 2 r is that of the newly formed bond for O 3 * . Shown for the time intervals: 0-0.5 ps (-Ω-Ω-), 0.5-1ps (----), 4.5-5 ps ( ___ ). The distribution is seen to become symmetric as time elapses and as E increases.
S6.
The Eqs A1-A3 and A7-A8 (Appendix A of Part I) for the Cartesian components for the coordinates r and R, respectively in terms of sampling their action-angle variables, were determined and in turn used to determine the 3 internuclear distances of
was then determined. The conjugate momenta to R, the R P was determined from the Hamiltonian,
The Cartesian components of the conjugate momenta P1-P6 to the Q's, Appendix A of Part I, were also determined in terms of the action-angle variables. The value of R was set to the location of the inner transition state, about 5.2 a o , where as noted earlier, the latter value was determined from variational RRKM theory. Both cases of the sign of R P , either initially increasing or decreasing, were each sampled along with each of their time reversed dynamics for constructing the origin of each trajectory, for the purpose of determining the transmission coefficient.
S6.2. Microcanonical Sampling at the TS
The microcanonical sampling at the TS follows a similar procedure as for the canonical case in Section S6.1, except now the E's and J's are assigned their initial values, rather than importance sampled from their distribution.
S7.
The Determination of the Transmission Coefficient  for Forming The j m was selected randomly in the range of ( j  to j). The j w and l w were each sampled from (0,1) where the angle  between r and R, appearing in the potential explicitly depends on both j w and l w . 
The R P was integrated over and defined via the Hamiltonian. The r p was sampled uniformly in the range from 0 (at the asymptote) to the value given by the excess total energy above the asymptote and r was sampled from 2.2 to 3.0 a o .  versus R(a o ) are shown with their fits to a polynomial(-), using variational RRKM theory for various total excess energies E(kT) and J's: 
S8.2. ) , (
The Jacobian of a transformation is then introduced for changing l to 
 , in addition to those given in the text, are given in Tables S1 and S2 , respectively: 
S8.4. ) , ( J E  in Normal Mode Coordinates with Harmonic Approximation
As an approximate check on the calculation of ) , ( J E  , the latter is also determined in the harmonic approximation.
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In the harmonic approximation, , formed from a bimolecular reaction,
any further collision with a third body M. Sampling from a unimolecular process may not lead to dissociation due to quasi-periodic trajectories. The ) , ( E E Z  that appears in the expressions for rec k is approximated to be the product of a collision number, o Z , and the normalized probability of energy transferred per collision per unit energy ), , ( E E P  considered here for a single exponential model for the deactivation process of the intermediate, 
S18
The Lennard-Jones collision number is given by 
S10.2. K-adiabatic
The K-adiabatic ), (RRKM k rec eq 17, for O 3 was determined (1) in a similar way as eq 13, the latter noted in Section S10.1, but the ) , , ( Table 4 entailed evaluating the partition functions for the select temperature, and all other quantities with a functional dependence of T in the expression.
S11. Bimolecular Trajectory rec k for O 3
The bimolecular trajectory based rec k was determined in (1) the total J representation in Jacobi coordinates with action-angle variables, using eq 10 and, (2) Table S3 , where these values are reported to agree to within a few percent of each other.
For the above methods (1) and (2), the thermal survival probability was determined separately and then placed in the recombination integral and integrated over in time. As another check, the survival probability for * 3
 was also constructed in real time as the sampling of the trajectories proceeded and its sampling also performed in real time as well, and its contribution to the integrand was tallied for a given intermediate from its trajectory, which yielded results to within a few percent. The convergence of the final answer was verified to a few percent. The computations for rec k were repeated and the results were also reproduced.  , at any given E, as J increases then the number of vdW complex decreases, and as E increases then the formation of vdW also further decreases. Typically 10 % of the reactive collision complexes from O + O 2 yielded a vdW complex and 30 % gave rise to the * 3  complex for a given energy, where these percentages decreased as J increased for either type of complex.
In the bimolecular classical trajectory study at a given (E,J), those complexes that form a vdW complex from an O + O 2 were identified, and their time dependent survival probability and ) , ( J E W 's were determined and then used to obtain its rec k . The ) , ( J E resolved recombination rate constant for forming O 3 , using eq 10 in the text, from a vdW complex was determined for different ) , ( 
